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Abstract

Analysis of mitochondrial DNA mutation in patients with varicocele

Nasrin Ghanami Gashti

Varicocele is the abnormal tortuosity and dilatation of the veins of the pampiniform
plexus within the spermatic cord and is one of the amendable causes of male infertility.
Although the exact pathophysiology of varicocele-induced damages has not yet entirely
realized, a large number of studies have revealed increase of oxidative stress in serum,
semen and testicular tissues of patients with varicocele. Oxidative stress in semen and
testicular tissues may cause sperm DNA damage. Unlike nuclear DNA, mitochondrial
DNA (mtDNA) lacks the protection of histones and generally is repaired less efficiently
than nuclear DNA, so it mutates much more frequently. The mtDNA is especially prone
to large scale deletions. One of these deletions is 4977-bp deletion or ‘common deletion’.
This deletion in mtDNA that embraces multiple respiratory chain genes may cause defect
in ATP production. It has been suggested that varicocele increases reactive oxygen
species production and induce oxidative stress, so it may induce mutations in mtDNA
such as 4977-bp deletion, resulting in decreased motility of sperm and male infertility.
The purpose of this study was to analyse sperm mtDNA 4977-bp deletion in patients with
varicocele. In order to detection of 4977-bp deletion in sperm mtDNA, semen samples of
30 infertile patients with varicocele and 45 normal men were prepared. After DNA
extraction from sperm, in order to analysis of the deletion, Gap polymerase chain reaction
(Gap PCR) was performed. Deletion frequency in patient and control groups was 99.33%
and 17.77%, respectively. Strong association (95%CI 12.74-328.97; OR= 64.75;
P<0.0001) between sperm mtDNA 4977-bp deletion and varicocele-induced infertility
was confirmed, overall. In conclusion, sperm mtDNA 4977-bp deletion may be an
important contributor factor in infertile men with varicocele. Larger population-based
studies are needed to determine the relation between this deletion and varicocele-
associated infertility.

Keywords: mtDNA mutations, varicocele, oxidative stress, male infertility.






v

400

Ao —

| g slg -1

i Sle el O > (PAMPINITOTM) ¢ jizal Kb sla &8 alw (s3le 2 Lsl 5 05 5 g b Jo S5
Ol o Samazr JSTTNO=Y 1 53 (oley o (021 8D Bl (0 O3 50 )3 6 30LL Dol JB W5 o 5wl 5353 (o0
S52b0 @ Maas Ol 0 1FA-AY 5 o iS5 15 <ol s esde .JAIMTOW, 2001) 5,15 5525 55,L0 Ols e 7¥—F+ 45 5
et b By Sl 355 o ol (S S50 (Gorelick and Goldstein, 1993) 558 o oss 4 56
03 liges 5055 0kin) S ol (nl 308 (o0 S Conds ol edn Sl L 5555 ) e 4 358 SAiS
B g e P e N P U PR Wo-J 5 o I B GO PPV GOV ¢ PRVA
355 (o0 ot 53 a4y o 5S55l5 (kS Blod T a3 s 4 SGle ol (sla &5 AL

Ll ead 6 ValSAlVE MANBUVEN Al 4 g 1) 4> ™

e Sa 9y JB Ll e ad JB Cl il Sl js Y Ay ®

AL o Col il Sl js ugy g eed LB Ay o m

= ol o o sl 0T by & i8> S5 s 585l r—“‘g‘ o opl 03 4 g BB Olades o2, o
035 aia rsds 4 Sl Cadle Oljle sba T L «Saleh et al., 2003) ol osile Bl wlisl o ps
3,03 byl K sl Jsbe 5 Shos 55 ad 5 el e T (e mle sl (olaial b e S50 S ol
S 5T gslew cpl Sl Cnd 5l sl Ol e (S5 6 4 5 S ) ¢S (Do et al., 2005)
Bloys b sylse iy 53 355 o bl (Varicocelectomy) 1= b 5l Yoame JosSsly Olays ol

LsT o Caws a1y 355 (65 8,b it (S5 e 45 Slylew 5 4Bl 5 gugs oo el e bl ¢ Jr sl

1. Varicocele
2. World Health Organization



v

400

Abnormal

Normal

Varicocele

olb 0ays sl 5 jal gl das oo OIS 1) ady Job 2y IS ot ey (1-1) o
.www.urologyhealth.org ;i 4 £ ) ol sualive b6 o5 4 o5 Sl a0 s S o !

\ -
w519 (St enl Y1
e sSls sl 3 350 53 (sl sla 5555 .(Sk0OQ et al,. 1997) coul ' Jole i 5SS Hl5 (5550550
Zjlﬁ)@béjﬂalajaﬁd&u.wlcﬁcjb
o 5 Sy Sl S le ol 8 aln (ol b o LT j3 oslis @
AN - e -
sd e 4 ) O Ol 4 e oS WSSl By sla am o OB b 2l sla o p> @

Jisl Eoly a5 65 &S 550 8 5w 5 SygT m oo 60lS 8 aln S5 25 oae w -NULCTACker ;1 o

1. Etiology
2. Multifactorial
3. Retrograde blood flow



v

400

ah oo 513 Sl el 65l 4 YU L6

Jo95 13 S 33l g 1))
S Jn sSG 5 4 n 3131 53 O peme (gl ey 3 ko sl 555 @il ol aloir 55 5SSl S5 5 85L

a)w|‘x|aﬁ4$ﬂ;\i@:.~_9)}bQfﬂ&nv\.g-ﬂgub‘)) .@‘&MU‘MJ@J‘}E‘U\L&J‘)L@JTLg))JLf

D55 s

J69,Cul Slod sl —F—1—1-)
35 ml Yo TC 55 el sl i (slos 5 S o 13 p s Sl 53 W Olej 5o s ik b b 4
oo 5 gr e 535l el p s Sl J Iy (oS i I an gl pie S50 3 el O sle
S s 13 g e & 5 g Jele ol Lls 1 T il oS s 55 s ST Jole 93 cla sy ol e
S Pl S e S S s 055 Jolo 58 o ol Laos LL F 0T 5 b 5168 il p 55 Sl 53 G5
Cype opl dbled o Jos bos (g oS sl ¢ ) goo 40 45T Sl &S5l ol Ol > (PAMPiniform «z)
o stlos sba l OT 51 g 5 o 55 o8 a5 &S0 (8 b 05t bty 35,5 Jlo 53 (S5 050
ol 03 I ol atas oo i) o sSSols (Solew 53 o K ol sl £ Al glst (Piner et al., 2002) .’
130 5 Jon 5SSl 4 Slace 53,L0 Ol a5 JBg Sl (slos o (G35 18 cpdir 3 e p 358 oo e Uls
(e sSSols oo (Lund and Nielsen,1996; Mieusset et al., 1987) wz <ol sl Osb y5,LL
L E o 3 6,8 o3 dp¥saT e 15 oo sls (slew  Jols (10K 5T Jb g Sl glos il oo 457 ol g
Al gr b 5 E1s plem b 51 L 5 (S5 b sla €l 018, oIS clal il dsle) Jad dlawls 4

AU L LS das o0l &S 5yl 3425 el s (Mieusset and Bujan, 1995; Thonneau et al., 1998)



v

400

5 oS sep 4 e L S L WL (Shiraishi et al., 2009) s, O P S I IS RCH - PR PENH R P g
ﬂm}ﬁLﬂTw4:bwL;L&JJL»'E&LAJ)S\&QL::LuTﬁt}onéud}»ﬂJJ};\w|wﬁu|

(Paul et al., 2009) a5 )l 5 3t cou

35T s sl Sl 3 ooy 319 —F-F1

4 5 o < reavtive oxygen species (ROS) L ,d 2S5 058 la 4658 slowl 5 (553,00 om Lo
S 95 Ity w5le) HILL 33T gls JSGsly 5 05 ssues ST, ol ROS ot o3 ¥ andllas nws 5 5b
D38 5 e 51y 53 ¥ e 55 b gl sl 3 Sy 05 S (113 oS ol (ST 5 055T
3 4 das Al ) g SIS (ST b 5 (413 L ROS ws Wi e o sSols S0 als 05
S 03 5SS el 515 S (Agarwal et al., 2009) sui o slul s e el OT won
4 Moo Olslag 53 &7 bl ilibue Sl (s sl ant 53 Wls (o0 GBI cp) W Gadeiie Nl Ju 551
1) sl 0L e L;\ju‘w;&a ol 3 S e ESGS G5l el b 4 g 03 S Jes sl
5T sl Ity s 55 L8 55 IS0 o S 5 Calibee (Gla s (28T (I3 WS 4 e Al
E a0 iy 3L s 43lulST ezl s 5 (Nallella et al., 2004; Ishikawa et al., 2007) . ,a
& 551eeS T ol ol 0ls 51 F andllas piz 55 e sSOols 4 Dt 59,06 0150 slewDl Jles 5 K5 le
Benoff et al., ) s5a o sl 0150 55 b 0T 4oe 53 8 358 S5 5 IS5 o T Esl Wil
o Mo s,LL olles > lipid peroxidation s ROS wile ss5lawsT ozl gls elyl 51 & (2004

(Hendin et al., 1999) Wb o 2155 ol e L6 5 5b 4 J 28 5131 S ¢ o 555 15

1. Hypoxia



v

400

Sl T3 55 (63 Shas ol Eely cplply 5 o3ls (2l 1y p sl plewdly (slid Sl dla L O pldnST
4-hydroxy-2- e 5 Jsams Olen 2l 3L ¢ s ls Jaw 5 0k 1 plnsST o 2l (s Al g5 Cmn g g1
«Shiraishi and Natio, 2005) 55 5 . jesis 55 0sd o bl bid O guldST, 51,5 5 NONenal
b s 4 e ((Jshe 0353 ol JUE| G b 3l 5 Sl (s59 00 p el 3 Shee sl ROS Jbo i 7 5ho I 5
de Lamirande and Gagnon, 1995; de Lamirande ) s s Gl 4 Juasl 5 o355, ST [25Ts ¢ b
sodle hish » ROS Wy nll 4 e oS Ju iyl il S5450 Ll s LI @nd Lamothe, 2009
Aitken and Clarkson, ) 5,18 o i 36 0T &5 o 5 58580 1 ip el ol SLid O prultenST
4 e 5131 53 il ozl sl Eol oS ezl slo oS 1 (S 4 slsl 55 (1987 Alvarez, 1987

358 om0l g e J 5SSl

((ILS) B oy giobos — ) —Y—F—1 -
sl Jobo 5 s IL-L o8 Sl Jloj sl S o il oy (585 ady 5 Shos s Yol ' S sm L
Joe s sls 4 S 331 53 L1 Ol &S o S8 550t 5 355l 03 5 03,8 (bt 15 Kod 5 5 e
S 5 S e slawl ST gle ISl b i 51 ol s IL-1 (Agarwal et al., 2009) wb o il
Ceb blg o IL-1 (VL 0L o sl ods sl 55 40 5510ST| Lzl (gla 8 ol s Ol gie 4 s S sn L
T ady 3 4 5 0dd bl ol el OT w53 47 555 (Ju iS5l (sle aiy 53 ROS 51 oYL 5l 5

.;}.&@:)\3

1. Cytokines



v

400

(NO) s lus™f e g —¥—Y—¥— )
Ly 5 L-arginine 5INO .ol 55 ety 00 53,5 ohod )3 5 old W5 ade S8 4 LS S 2
K> 4 NOS ol o sty sla 2 53 355 o0 a5 (NOS) 'l LS oS0 5 5T (Salbls” ol
S A 05 508 G peilSa G Ol 4 B sl Il o s ys (B8 s ks Wl oS e
PEroxy Nitrous s PEroxXynitrite Js sls < plis 4 5 o3ls [2STy denST g 0557 L NO LS Lad> 1y 4y
NO ol 5150 5wy sles G131 il 2 osDe 355 (o0 ol s (538 sl il 51 53 o5 ACH

(Agarwal et al., 2009) 5,15 5 5 b5 5l ¢ Juw s 5l Sls Ay 53w jsubT I3l

Gelial cell line-derived neurotrophic factor receptor a; -¥-Y-¥-1-\
2osdle 3,13 Sl (B 55 555l el 53 & AL o She 3 Ly [ SB S (US Uk S i &S5 555,55
35 5586 cpl ok, S Ol 2 el Oloys JwsSools 5oyl i 58 DNA e 55 586 ool o555k el
Oay8 bl ki, S ol i (Akkoyunlu et al., 2007) 5,15 3 s 5 badsle el 5 K0S sla J g o e
Gl ady il gla w53 05,8 ol 0L 2els” (Chen et al., 2001) ot 51anST ozl i L

V- PPNPYS-SPISTRC] VO, o OV [ PR Y JSWPRCIOM B G IO PV 35 g WA Y

B il BT O a0 9 w519 36 —F-r—1-
J5 SIS (5T b bl e el LSy Jlias 5 05 55 s Sl (BT Ol Juo S5 l5 4 Sts 5131 5
Agarwal et al., ) ol 5 ol 5 BB Ole 4 «J 58 3131 4 Cond oo sl 4 M 55,00 Ol o
et 5 ol 0dd 1S i sSK 4 Sle 3131 o el 55 48 QL0 0 5T58 SilanST (ST ol - sk (2004

YL ol sl Varml 58 o sl 3T 5T 65 01t 4 o7 Ly Jlies 53 ZN) (555 2y sk

1. Nitric oxide synthase



v

400

232G (oo S sl S oy o7 Jo 5 sl5 4 Stn Ol 0 51 83 8 53 350 oo 33l 53 ST T 4y
Sk 35 Lol Sl Sn (535 3o i 551 e o 5l 5 ol by e 53 (5,5 Ol jn cicile 3L
slo Sl (ST onl sbw de, o ki« (Ando et al., 1989; Takihara et al., 1987) 5, T
sl sy S8l J Sty S8k 5 1S 0050 08 55U e s denST g GV A5l ols o 5T

ST o305 T 155 5l sl 4 a8 550 o 551denS o il 4 eie SldnSTT ST b b 2alS

gl T SEIg fwe g —¢-F-1-)

P35l 358 o alid )by sy (S5 SY 5 by lald 5s a s oS ool T 5 eSS Ol 4 e LT
‘:‘“‘Og“”grijﬂlich"“ﬁﬁ‘ﬁti D55 8 590 03 pel B Osdhe W5 4 oie &S Cual gyl S W T p eSS
do Bl5 (on 3T ST e 05 (a3 Je sS4 Dl Ol e Jals 87 H55L0 Ol e 3 1y p el A5 0350
Sinha-Hikim et ) was ;15 56 Cou 1) ksl ol 5 s s slo sl ¢ 58 gla ol Joli i sla Jghos 3l 03,
e a3 T3 ol ) (o 5 5358 o ST 4 e )1 35 (b o s @1, 1998
et o 55 5 DNy g s 55 0 ghe (GLiE mhaw 53 i Bh e o o

5 eSSty o BLI Ll ol 03T (Y1) K8 55 4o job 4 Lsd oo misubT 4 e S Gl e
© M Ol 1 Sy 3 el Sl bl 53 g LB Sl (S e subT il ol T sl T
oS ol ol dizen Jur s ls SIS BG 5 Lpd o i sbT @ e oS Jole 4w aST L) iS5l

.J}.i‘saajl.i\w}\&-)}bq:)b.aa‘j‘d{iﬁqubljs.@lwghgﬂﬁﬁjbjjJuUTj\wjfu



v

400

Extracellular

(RARRARRRARN l|1 | nrm (A AR RCARA EAAA LA AAAR
e A R IO

Intracellular

AL o A

Hl Gl

(apototic stimul)
- 3‘\ M ‘v’ §
JV l--/"

L) {
lcmat:d Hitochondria A
caspae-8 ,

(aspase ]

Apaf |/Caspase-9
|

¢ A Apoptosu

G ot Gl S 9> S e g ST RLT S S C e S e o I9RET 0T WIS e (Y1)

C g5 som Od 3T & e WIS oo 35 Juo Sl 5153 o a5 ROS Lo 5 (60 510 4y T 558 (o 3T T

(Agarwal, 2005 ;x5 5 ) 544

o 39l T GBI 58 bo 5 gl gl —1-§-F—1-)
Cows a1y b Jshoe a5 558 0 obd 55 W5 K o0 4 mie JBs Sl (glos 21530 a5 505 340y (gulal gl
5 o355 0l cp s Sl 03,5 08 iBs ¥r Sl ey oS Sl odin § 2 le (1S 55 ip e e e iRbT

.2 (Sinha-Hikim and SwerdIoff, 1995) was s 5, (i sla Jsbe 53 BAX (g LT 05 o2l 31



